Strabismic amblyopes show losses in positional acuity that cannot be explained by their resolution or contrast sensitivities. One hypothesis for these losses is a reduction in the density of cortical neurons that are driven by the amblyopic eye (cortical undersampling). The question this study addressed was whether the foveal representation of the amblyopic eye is undersampled in the cortex of strabismic amblyopes. In order to assess spatial sampling psychophysically, we recorded the perceived orientation of a stationary grating as a function of grating orientation and frequency in three strabismic amblyopes. To ensure high retinal contrast, the grating was imaged on the fovea of each observer using a laser interferometer. We found that the strabismic amblyopes misperceived the orientation of the grating at spatial frequencies that are a factor of two to six lower than the sampling frequency of the foveal cones. Since the retina and LGN in strabismic amblyopes are presumably normal, this result suggests sparse cortical sampling in the foveal representation of the amblyopic eye. Undersampling by cortical neurons may contribute to the spatial distortions present in strabismic amblyopic eyes.
size and sensitivity of cortical receptive fields which causes the visual cortex to process images through lower spatial frequency channels. Evidence for this hypothesis is found in studies that measured spatial frequency tuning for Vernier acuity, a form of positional acuity (Levi & Klein, 1990b; Levi, Waugh & Beard, 1994) . It is now widely accepted that this hypothesis alone is not sufficient to account for all of the loss in positional acuity in strabismic amblyopes (Levi, Klein & Wang, 1994a,b; Levi et al., 1994) . A second hypothesis suggests that there is topographical disarray in the positions of cortical receptive fields-uncalibrated jitter (Bedell & Flom, 1981; Hess, 1982; Levi & Klein, 1985; Hess & Field, 1994; Hess, McIlhagga & Field, 1997) . Evidence for this increased jitter comes mainly from intrinsic noise experiments (Watt & Hess, 1987; Wang, Levi & Klein, 1998) . However, there is still a debate regarding the relative contribution of increased topographical jitter in reducing positional acuity (Hess & Field, 1994; Levi & Klein, 1996) . The third hypothesis proposes a reduction in the density of cortical receptive fields-undersampling (Levi, Klein & Sharma, 1999; Levi & Klein, 1986; Wilson, 1991) . While there is
Introduction
Amblyopia, commonly referred to as lazy eye, is a developmental anomaly of the visual system that leads to losses in spatial vision. In particular, the amblyopic eye requires more contrast than normal to see an object (reduced contrast sensitivity); it cannot see fine spatial detail (reduced resolution); and its ability to judge the position of an object is impaired (reduced positional acuity). Amblyopia can result from unequal refractive errors in the two eyes (anisometropia) or from an eye turn (strabismus). In anisometropic amblyopes, the loss in positional acuity can be predicted from the losses in contrast sensitivity and resolution. But, in strabismic amblyopes, there is an additional loss in positional acuity (Levi, 1991; Hess & Holliday, 1992) .
To account for this additional loss in positional acuity in strabismic amblyopes, three hypotheses have been proposed. The first hypothesis suggests a change in the evidence that strabismic amblyopes do not make efficient use of all of the samples of visual information that define an image (Levi, Klein & Sharma, 1999; , there is, to date, no direct evidence for undersampling.
Spatial aliasing and its related perceptual phenomena could provide direct evidence for undersampling in the amblyopic visual cortex. Aliasing is a consequence of undersampling in which the sampled image contains spurious components not present in the original image (Yellott, 1983; Williams, 1985a,b; Thibos & Walsh, 1985; . In the normal visual system, undersampling of gratings (interference fringes) by the regular foveal cone mosaic form moire patterns that appear as wavy lines or zebra stripes (Williams, 1985a,b) . These moire patterns should appear coarsest, and hence most visible, when the stimulus frequency is equal to the inverse of the cone row spacing; this spatial frequency would be the sampling frequency of the cone mosaic, or twice its Nyquist frequency. The zebra stripe patterns appear the coarsest at about 110-120 cycles per degree (cpd), and at three grating orientations separated by about 60°; these values are consistent with the cone row spacing calculated from anatomical measures of cone density and the hexagonal packing arrangement of the foveal cones (Williams, 1988) .
To our knowledge, there are no reports of aliasing in the normal fovea to indicate that a coarser array of neurons samples the foveal image. Indeed, the ratio of ganglion cells to foveal cones is probably three or four to one, implying an oversampling of the foveal cone mosaic by post-receptoral stages in the normal visual system (Wässle, Grunert, Rohrenbeck & Boycott, 1990) . Undersampling by post-receptoral neurons is apparent, however, at peripheral locations in the normal retina where cones outnumber the ganglion cells Anderson and Hess 1990; Galvin, Williams & Coletta, 1996; Coletta, Sharma & Carter, 1996) .
The cone and ganglion cell mosaics in the normal peripheral retina are disordered sampling arrays; aliasing does occur at these peripheral locations but appears as grainy spatial noise (Williams & Collier, 1983; Yellott, 1983) . The aliasing noise produced by a disordered, or irregular, sampling array can result in errors in the perceived orientation (Fig. 1A) and motion direction of grating stimuli (Thibos et al., 1985; Wang, Thibos & Bradley, 1996; Coletta, Segu & Tiana, 1993) . Certain aspects of these perceptual errors allow an estimate of the receptor or neuron spacing. When the stimulus frequency is between one and two times the Nyquist frequency of the sampling array, the direction of motion should appear reversed (Coletta, Williams & Tiana, 1990; Anderson & Hess, 1990; Tiana, Williams, Coletta & Haake, 1991; Galvin et al., 1996) . And, when the stimulus frequency is at twice the Nyquist frequency, the perceived orientation should be 90°from the true stimulus orientation (Coletta & Williams, 1987; Coletta & Sharma, 1995a; Coletta et al., 1996) .
The photoreceptors and other retinal layers are essentially normal in amblyopes (Bedell, 1980; Hess, Baker, Verhoeve, Keesey & France, 1985; Delint, Weissenbruch, Berendschot & van Norren, 1998) and physiological evidence shows that the visual cortex is the main site of neuronal changes in amblyopia (Movshon & Kiorpes, 1993; Kiorpes, Kiper, O'Keefe, Cavanaugh Fig. 1 . (A) Aliasing arising from undersampling by an irregular mosaic. This figure was created using MATLAB, by sampling a high frequency vertical grating through a sparse irregular array. The alias appears as an irregular pattern that resembles two-dimensional spatial noise. The aliased noise has a predominant orientation between 135 and 180°. (B) Schematic of the stimulus and surround as seen by the observer. The stimulus was a 2°field containing interference fringes (543 nm He -Ne laser) with a fixation spot (5 arc min diameter, 633 nm He -Ne laser). The fixation spot was placed in the center of the stimulus field for observers with foveal fixation and was displaced for observers with eccentric fixation such that the stimulus was centered on the fovea. The stimulus was surrounded by an annulus (5°in diameter) that was made up of 540 nm non-coherent light. The solid lines in the surround were only present during the orientation matching experiments. These lines could be rotated about the center of the stimulus and were used by the observers to indicate the perceived orientation of the fringes. & Movshon, 1998) . Hence, under the assumption that the pre-cortical stages of visual processing are unaltered in strabismic amblyopes, aliasing in the fovea of amblyopic observers at spatial frequencies lower than the cone Nyquist frequency would imply that there is a reduction in the density of cortical receptive fields.
An earlier study failed to find reversals in the direction of motion of drifting gratings in the fovea of amblyopic observers (Hess & Anderson, 1993) . However, the visibility of motion reversals can be affected by the severity of post-receptoral spatial filtering (Tiana et al., 1991) which would probably be greater than normal in central amblyopic vision. The temporal parameters of the stimulus can also affect the visibility of motion reversals (Coletta et al., 1990) . Fixational eye movements in amblyopes may be larger than normal (Schor & Hallmark, 1978; Ciuffreda, Kenyon & Stark, 1979) and may interrupt the smooth motion of the drifting stimuli necessary to produce the reversals (Coletta et al., 1990) . Also, the motion of aliased patterns can be non-veridical without being reversed; drifting diagonal gratings can appear to move in directions that are 45°or more from the true direction at spatial frequencies just beyond the resolution limit but well below twice the Nyquist frequency (Coletta et al., 1993; Wang et al., 1996) . A two-alternative forced-choice (2AFC) task for discrimination of opposite directions is typically used to test for the presence of motion reversals. However, the 2AFC task fails to capture this type of misperceived motion, because the perceived direction of motion is within 90°of the true direction.
Errors in perceived orientation may provide a more robust tool than motion reversals to study undersampling in amblyopia. Orientation reversals, in which vertical stimuli appear horizontal and vice versa, occur in model simulations at twice the Nyquist frequency of a disordered sampling array, even with severe low-pass post-receptoral spatial filtering (Tiana et al., 1991) . Furthermore, orientation reversals are visible under low luminance conditions, at which motion reversals are difficult to observe (Coletta & Sharma, 1995a; Coletta et al., 1996) . Hence, we decided to look for non-veridical orientation perception to test for undersampling in strabismic amblyopes. Specifically, we asked whether the perceived orientation of a grating projected on the fovea of observers with strabismic amblyopia appears non-veridical when the spatial frequency of the grating is lower than the sampling frequency (twice the Nyquist frequency) of normal cone photoreceptors.
Our experimental approach makes several specific predictions 1 : (1) if the underlying array is perfectly regular, perceived orientation should be veridical until the grating frequency is above the Nyquist frequency of the limiting array, shifting up to 90°(orientation reversal) when the spatial frequency of the grating equals the sampling frequency of the array (except for grating orientations that align with the principal orientations of the array); (2) if the array is undersampled and has some amount of added disorder (up to about 20%; see Wang, 1996 dissertation), above the Nyquist limit of the undersampled array, the perceived orientation is expected to shift up to 90°; however, as the disorder increases beyond 20%, this shift is expected to occur at a slower rate and to a lesser extent (less than 90°) and; (3) if the sampling array is disordered but not undersampled, there would be no shifts in perceived orientation.
Methods and procedures
We recorded the subjective perception of grating orientation as a function of grating spatial frequency. Grating orientation could appear reversed (90°shift in orientation) or be misperceived (smaller shifts in orientation) depending on the stimulus spatial frequency and the regularity of the sampling mosaic. To record misperceptions in orientation, we employed an orientation matching paradigm to assess the perceived orientation of gratings (oriented at 0, 22.5, 45, 67.5, 90, 112.5, 135 and 157.5°) . This method allowed the observers freedom to report any perceived orientation between 0 and 180°.
To ensure sufficient retinal image contrast, we used a laser interferometer to project the gratings directly on the retina of the observers. We first measured contrast sensitivity functions and resolution limits for each observer in order to determine the range of spatial frequencies in which to test orientation matching (see Fig.  2 ).
Obser6ers
Three strabismic amblyopes participated in the study. These observers were students at the University of Houston and were selected on the basis of a preliminary eye exam. A minimum of two-line difference in visual acuity of the two eyes was set as the criteria for amblyopia. A list of the visual characteristics of these observers is given in Table 1 . All three observers were males, between 32 and 40 years in age. One observer (RH) was well experienced in psychophysical observations and had prior experience in viewing laser interference fringes. The research protocol was approved by the University of Houston Committee for the Protection of Human Subjects. 
Apparatus
Sinusoidal gratings were imaged on the retina of the observers using a He -Ne laser interferometer with a wavelength of 543.5 nm (Williams, 1985a,b) . The interferometer was driven by a Macintosh II computer. Proper alignment was ensured by means of a bite bar as described in Coletta and Sharma (1995b) .
The sinusoidal interference fringes were confined to a 2°circular patch surrounded by a 5°uniform annulus of incoherent light with a wavelength of 543 nm (Fig.  1B) . The mean retinal illuminance of the fringes was 300 Td and the coherence was 100%. The contrast of the fringes was set to maximal (approximately 100%). To guide fixation, a 633 nm laser fixation spot (5 arc min in diameter) was superimposed on the stimulus patch. In order to ensure foveal imaging of the stimuli in observers who did not fixate with their fovea (eccentric fixation), this fixation spot was displaced from the center of the 2°stimulus patch by an amount equal to the angle of eccentric fixation (as determined by Haidinger's Brushes). This method ensures that the time-averaged fixation of their fovea is in the center of the 2°patch.
Orientation Matching
The main experiment used an orientation matching paradigm for determining the perceived orientation of gratings. At the start of the experiment, each observer aligned himself to the interferometer and fixated on the red fixation spot with the amblyopic eye while the other eye was covered with an eye patch. Prior to stimulus presentation, the contrast of the fringe was turned off so that the observer saw a field of uniform luminance in the stimulus patch. The observer started the run by pressing a button. At the button press, a stationary fringe was presented to the observer at maximal contrast for a duration of 500 ms. Presentation of the fringe was accompanied by a tone. After the fringe contrast was turned off, the observer aligned a highly visible line (5 arc min wide, 100% contrast), that was seen across the annular surround at all times, with the axis of the perceived grating orientation. Eight grating orientations (0, 22.5, 45, 67.5, 90, 112.5, 135 and 157.5°) were tested at a fixed spatial frequency in a given run. The presentation sequence of the grating orientations was randomized. Each run consisted of 80 trials with ten trials at each of the eight grating orientations. A series of six to nine spatial frequencies was tested on each of the three strabismic amblyopes.
Data collection and analyses
All orientation matching experiments were carried out in one experimental session. Each run consisted of 80 trials at one spatial frequency and eight interleaved orientations. Two different methods were used to analyze the orientation matching data. First, for each orientation and spatial frequency, the data were placed in bins of 22.5°and then plotted as polar histograms. Second, the data were analyzed by doubling the polar angle range to minimize any discontinuity which could occur around 180°degrees (see Thibos, Wheeler & Homer, 1997) . The mean response was calculated by vector summation. This computation also yielded a coherence fraction, which represents the magnitude of the vector.
Contrast sensiti6ity
Foveal contrast sensitivities for the 2°patch of fringes were measured on all three amblyopes using a temporal 2AFC staircase method that estimates threshold at the 71% correct level (Coletta & Sharma, 1995b) . The mean of 18 staircase reversals was taken as the contrast threshold for detecting the grating.
Spatial frequencies from 2 to 64 cpd were tested (except in case of observer CB, where the highest spatial frequency tested was 16 cpd). Contrast sensitivity was measured for vertical (90°) and horizontal (180°) orientations.
Resolution limits
We measured resolution limits at two grating orientations (0 and 90°) using the method of limits. The spatial frequency of the grating was increased (for ascending limits) or decreased (for descending limits) in 1 cpd steps to determine the highest spatial frequency at which the fringe appeared undistorted (alias free). The resolution limit was determined by averaging five ascending and five descending limits.
Results
Two observers, CB and JB, showed a large difference in contrast sensitivity for vertical and horizontal patterns at higher spatial frequencies, which was also evident in the resolution limits (Fig. 2) . For the two observers tested up to 64 cpd with their amblyopic eye (JB and RH), stimuli were visible at frequencies beyond the resolution limit. These CSFs and the vertical CSF of observer CB even show a slight increase in sensitivity at some spatial frequencies just beyond the resolution limit. This long shoulder of detectability of fringes beyond the resolution limit along with an increase in sensitivity is consistent with the effects of aliasing (see Section 4). For all three observers, both the amblyopic eye and the non-amblyopic eye showed reduced contrast sensitivity at low spatial frequencies. This reduction in contrast sensitivity at low frequencies is consistent with the masking effects of coherent noise/laser speckle (Williams, 1985b; Coletta and Sharma 1995b) . However, the amblyopic eye also shows a dramatic loss of contrast sensitivity (relative to the non-amblyopic eye) for spatial frequencies greater than about 4 cpd. This loss in contrast sensitivity is evidently not due to optical limitations and corroborates the strong spatial scale shift resulting from neural pooling (spatial filtering).
All three strabismic amblyopes showed non-veridical perception of orientation at spatial frequencies ranging from 20 to 65 cpd (Fig. 3) . The results of the orientation matching experiments showed that for most grating orientations, as the spatial frequency increased beyond the resolution limit, the perceived orientation deviated from the actual orientation. However, while in many cases the mean vector deviation was not exactly 90°, for two observers (CB & RH) it was sometimes near 90°(for CB, 17 out of 72 points and for RH, 10 out of 56 points were within 9 15°of a 90°deviation). The data in the polar plots (Fig. 3, insets) also show that the observers misperceived the orientation of the grating at these spatial frequencies, but the misperceptions were not always orthogonal to the grating orientation. In some cases, the polar data showed a bimodal pattern, where the observer's responses were split along two different orientations, resulting in a low coherence fraction at those frequencies. It is interesting to note that there is no deviation at the lowest frequencies tested, which shows that these observers can do the task reliably, and that any deviation at higher spatial frequencies is not due to an inability of the observers to perform the task. The non-veridical perception of orientation is consistent with the effects of aliasing.
Discussion
This study was an attempt to determine whether strabismic amblyopia leads to sparse cortical sampling. Our results suggest that there is sparse sampling by cortical neurons that are driven by the amblyopic fovea of strabismic amblyopes. The strength of our argument for cortical undersampling is based on the assumption that the stages of visual processing that precede the visual cortex relay a faithful representation of the original image. These preceding stages include the photoreceptors, other retinal layers and the lateral geniculate nucleus (LGN). Anatomical and physiological studies in primates have shown that the retina and LGN are essentially unaffected in strabismic amblyopia (Movshon & Kiorpes, 1993; Hess et al., 1985) 2 . To our knowledge, there are no detailed anatomical studies of the effects of amblyopia on the photoreceptors. If the misperceptions that we observed were due to undersampling by the foveal cones, the cone spacing in amblyopes would have to be grossly abnormal (increased by up to six times). Such gross abnormalities would be evident in measures of photoreceptor function, such as the Stiles-Crawford effect, and would be expected to reduce the density of visual pigment in the fovea. However, the Stiles-Crawford function is normal in amblyopes (Bedell, 1980; Delint et al., 1998) , and photoreceptor orientation and visual pigment density in the fovea of amblyopes is normal (Delint et al., 1998) . To the extent that our assumption is correct, any evidence for sub-sampling in strabismic amblyopes must be cortical in origin. In support for the reduced density of cortical neurons in strabismic amblyopes, we present two lines of evidence that imply effects of aliasing by a sparse post-receptoral array. The first line of evidence for sparse sampling in our strabismic amblyopes comes from a comparison of the detection and resolution limits for interference fringes. Detection limits were much higher than the resolution limits for the two observers who were tested up to 64 cpd. Generally, vision beyond the resolution limit is considered to be evidence for aliasing (Williams, 1985a,b; Coletta & Williams, 1987; Anderson & Hess, 1990; Thibos & Bradley, 1993; Thibos, Still & Bradley, 1996) . However, it has been shown recently that shoulders in the CSF just beyond the resolution limit result partially from a local, compressive non-linearity residing at the level of the cones or possibly outer retina (MacLeod & He, 1993; He & MacLeod, 1996) . The non-linearity produces a temporal transient of brightness and/or a color change that cues the observer to the presence of the fringe stimulus at spatial frequencies beyond the resolution limit. Two aspects of the amblyopic CSFs imply that the shoulders are not caused entirely by this compressive non-linearity. First, the frequency location of the shoulders is much lower than in normal interferometric CSFs. For normal foveal vision, shoulders on the CSF are evident only at spatial frequencies beyond 60 cpd (Williams, 1985a,b; He & MacLeod, 1996) while the amblyopic CSFs exhibit shoulders over a range of frequencies beginning around 20 cpd. It is possible that the non-linearity could be present at such low spatial frequencies, however, if sensitivity were mediated by the non-linearity, the contrast sensitivity of the shoulder would be much higher than that obtained in our observers.
Second, the amblyopic CSFs show slight hints of a rise as spatial frequency increases beyond the resolution limit. This rise in CSF is not a property of the non-linearity but is consistent with aliasing: as the stimulus frequency increases, the spatial frequencies of the aliases decrease and hence become more visible (He & MacLeod, 1996) . Hence the shoulders of the amblyopic CSFs beyond their resolution limits are probably a consequence of sparse sampling by a post-receptoral array. Our contrast sensitivity data for the amblyopic eyes of observers CB and JB also showed a large anisotropy between horizontal and vertical gratings (see also Kelly, Chino, Cotter & Knuth, 1997) . This finding is consistent with behavioral data from kittens (Sireteanu & Singer, 1980) and monkeys (Harwerth, Smith & Okundaye, 1983) raised with experimental strabismus. It is possible that the larger fixational eye movements in strabismic amblyopes may reduce the contrast sensitivity for vertical gratings. However, the anisotropy was also present in the data for the non-amblyopic eyes of our strabismic observers (similar to Kelly et al., 1997) . It is, therefore, more likely that the anisotropy in our data is a result of a reduction in the number of cortical neurons that are tuned to vertical orientation and are selective for horizontal disparities (Singer, von Grunau & Rauschecker, 1980) . The second line of evidence for sparse sampling is that our strabismic amblyopes misperceived the orientation of gratings at spatial frequencies that are a factor of two to six lower than the sampling frequency (about 120 cpd) of the foveal cones. These misperceptions were strongly evident in the orientation matching experiments. This non-veridical orientation perception in the amblyopic fovea is consistent with the effects of alias-ing. For two-dimensional regular sampling, the orientation of the aliased pattern depends on the stimulus spatial frequency and relative orientations of the stimulus and sampling array rows (Williams, 1988) . For disordered arrays, aliases have a broader spatial frequency spectrum but spatial energy can predominate at certain orientations (see models of Yellott, 1983; Coletta & Williams, 1987; Tiana et al., 1991; He & MacLeod, 1996) giving rise to misperceptions in orientation.
Our orientation matching data showed that the perceived orientation was non-veridical and often not perpendicular to the stimulus over the range of spatial frequencies tested. So, orientation reversals in a 2AFC experiment (where the observer is forced to choose between one of two orientations, e.g. horizontal versus vertical) would be expected to be weak (Sharma, Levi & Coletta, 1997) or absent (Barett, Cox, Simmers & Gray, 1997; Demanins, Wang & Hess, 1998) . It is possible that orientation reversals (90°deviation) are inconsistent in the amblyopes because of aliasing by multiple sampling stages. Aliasing effects of two sampling stages are evident in the normal periphery, for both motion and orientation reversals; these two stages are apparently the cones and a post-receptoral neural array that may be the midget ganglion cells Galvin et al., 1996; Coletta, 1997) . The orientation reversals observed in the periphery tend to be less robust than they are in the parafovea (Coletta & Fig. 3. (Continued) Williams, 1987; Thibos, Still & Bradley, 1996; Coletta, 1997) and this may be due to re-sampling of cone-generated aliases by post-receptoral neural arrays. In amblyopia, aliasing may occur at several stages in the cortex.
Other studies using naturally viewed gratings (Barett et al., 1997; Demanins et al., 1998) , did not reveal any orientation uncertainty below the grating detection limit in strabismic amblyopia. It is possible that aliasing in these studies was invisible because of low-pass filtering by the optics of the eye. This would result in lower detection limits. The MTF of the foveal optics falls to about 0.4 at 25 cpd (Campbell & Green, 1965) where aliasing just began in our study. However, even with interference fringes, we did not find reversals in perceived direction of motion in the fovea of strabismic amblyopes. So the absence of motion reversals in the Hess and Anderson (1993) study was not due to low retinal contrast of the gratings. As mentioned previously, temporal and spatial filtering can affect the visibility of motion reversals (Tiana et al., 1991; Coletta et al., 1990) . It may be that larger fixational eye movements and more severe low-pass neural spatial filtering eliminate motion reversals in amblyopes.
Although the results of our study are consistent with the effects of sparse sampling by an irregular array, there may be other explanations for some of our results. One possibility is that these results may be a consequence of topographical disarray. Neuronal disarray would create spatial noise at frequencies below the cone Nyquist frequency and this could account for the shoulders present in the CSFs of our strabismic amblyopes. However this explanation cannot account for the misperceptions of orientation. The spatial frequencies at which grating orientation was first misperceived varied with orientation. This selective effect of grating orientation is not expected from a disordered (but not sparse) array since disarray should affect all orientations to the same extent. While our results favor the undersampling hypothesis, they do not rule out the presence of topographical disarray in the cortex of strabismic amblyopes.
Quantitative physiological studies of the effects of experimental amblyopia on the visual cortex of monkeys (Kiorpes et al., 1998) and cats (Chino, Shansky, Jankowski & Banser, 1983) show that the representation of high spatial frequencies in the amblyopic cortex is considerably reduced. Although these studies provide no information on the spatial distribution of the remaining high spatial frequency neurons, the reduction in the number of high spatial frequency cortical neurons could provide a neural basis for the sparse-sampling seen in our observers.
In summary, our results indicate that there is sparse sampling by cortical neurons in the foveal representation of the amblyopic eye of strabismic amblyopes. One implication of this study is that images containing high spatial frequencies are seen by strabismic amblyopes as spatially distorted. These spatial distortions would be consistent with subjective appearance of high frequency gratings in the fovea of strabismic amblyopes, as reported earlier (Hess, Campbell & Greenhalgh, 1978; Bradley & Thibos, 1988; Thibos & Bradley, 1993) . Furthermore, spatial distortions due to aliasing could influence perceived position (Bedell & Flom, 1981; Hess & Holliday, 1992) and/or reduce Vernier and letter acuities more than grating acuity in strabismic amblyopes.
